Binding of Na+ ions to the Na,K-ATPase increases the reactivity of an essential residue in the ATP binding domain.
Treatment of the canine renal Na,K-ATPase with N-(2-nitro-4-isothiocyanophenyl)-imidazole (NIPI), a new imidazole-based probe, results in irreversible loss of enzymatic activity. Inactivation of 95% of the Na,K-ATPase activity is achieved by the covalent binding of 1 molecule of [3H]NIPI to a single site on the alpha-subunit of the Na,K-ATPase. The reactivity of this site toward NIPI is about 10-fold greater when the enzyme is in the E1Na or sodium-bound form than when it is in the E2K or potassium-bound form. K+ ions prevent the enhanced reactivity associated with Na+ binding. Labeling and inactivation of the enzyme is prevented by the simultaneous presence of ATP or ADP (but not by AMP). The apparent affinity with which ATP prevents the inactivation by NIPI at pH 8.5 is increased from 30 to 3 microM by the presence of Na+ ions. This suggests that the affinity with which native enzyme binds ATP (or ADP) at this pH is enhanced by Na+ binding to the enzyme. Modification of the single sodium-responsive residue on the alpha-subunit of the Na,K-ATPase results in loss of high affinity ATP binding, without affecting phosphorylation from Pi. Modification with NIPI probably alters the adenosine binding region without affecting the region close to the phosphorylated carboxyl residue aspartate 369. Tightly bound (or occluded) Rb+ ions are not displaced by ATP (4 mM) in the inactivated enzyme. Thus modification of a single residue simultaneously blocks ATP acting with either high or low affinity on the Na,K-ATPase. These observations suggest that there is a single residue on the alpha-subunit (probably a lysine) which drastically alters its reactivity as Na+ binds to the enzyme. This lysine residue is essential for catalytic activity and is prevented from reacting with NIPI when ATP binds to the enzyme. Thus, the essential lysine residue involved may be part of the ATP binding domain of the Na,K-ATPase.